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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



48935 



ft 



on patent application of 
atent Application Serial 
07/921,538 filed 29 July 1992: 

John B: Bates 
Nancy J. Dudney 



Docket No.: 957-X-7 
Examiner: S. Barts 
Art Unit: 1204- 



Serial No.: 



Filing Date: 

Title: THIN FILM BATTERY AND 

METHOD FOR MAKING SAME 



PRELIMINARY AMENDMENT UNDER 37 C.F.R. 1.115 

Honorable Commissioner of Patents 

and Trademarks 
Washington, D,C. 20231 



Submitted herewith is a preliminary amendment under 37 C.F.R, 1,115 requesting 
that the specification and claims of the present divisional patent application be amended as 
follows: 



In the Specification 
Delete the title and substitute -An Electro-Optical Device-. 



_Page 1, before the first sentence of the first paragraph, insert / -This application is a 



s~ ( division of application Serial No. 07/921,538, filed 29 July 1992, finwntly pending ■ 



In the Claims 
Please cancel Claims 1-26 and 30. 



Remarks 



maims 13-15^) drawn to an electrolyte; Group IV (Uaims 10 iyj ui , ri . _ ? ^ 

qualms xj) uia maims 20-22^1 drawn to a cathode; Group VI (Claims 23- 

^SZ 2^°S£S£32£& Group V,l (p*. 27-2,) drawn ,o an 
electro-optical device. 

p™. (O .he restriction, Applicants elected to fa, P^^^f^M,^ 

07/921,538 and Applicants cancelled Claims 6 and /. 

„„der£^^ 

present Application are Claims 27-29. 

Respectfully submitted, 




George L. Craig, Esq. 
Patent Counsel 
Reg. No. 29,293 

Martin Marietta Energy Systemsjnc. 
P.O. Box 2009 

Oak Ridge, Tennessee 37831-8243 
Telephone No. (615) 576-9676 
Facsimile No. (615) 574-0381 



fVrtificate of Mailing 

, ... T k i m„ - ' PFn?n959940US Date of Deposit: May 25, 1994 — 

"Express Mail" Mailing Label No.: FF07.0959V4Uu:> „ 

Mail Post Office to Addressee" service under 37 CFR UO I on the Gate 



ClRire. M. Chitwood (Signature of person mailing papers) 

(Typed/P rinted Name of person mailing papers) l=>ign<. r 
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IN &THE UNITED STATES PATENT AND TRADEMARK OFFICE 



^Appi^i c an t s : 



Serial No. : 
Filing Date: 
Title: 



John B. Bates 
Nancy J. Dudney 



Docket No. 



08/248,935 Examiner : 

25 May 1994 Art Unit: 

AN ELECTRO-OPTICAL DEVICE 

AMENDMENT UNDER 37 CFR 1.115 




i.JL 



Commissioner of Patents and Trademarks 
Box Non-Fee Amendment 
Washington, D.C. 20231 



RECEIVED 

MAR 9 1995 
GROUP 1100 

Sir: I 

This amendment is filed on behalf of the Applicants in the 
above-identified patent application in response to the Examiner's 
Office Action dated 28 November 1994, and is believed to place this 
application in condition for allowance. 

IN THE SPECIFICATION 

!/ At page 8, after line 16, please insert the following 
paragraph : — { Conventional electro-optical devices known as 



"smart windows" are typically formed as a layered structure 
having a first electrode such as an anode layer, an 
electrochromie layer, an electrolyte or conductive layer and a 
second electrode such as a cathode layer, all of which are 
optically transparent. 'A limitation of such conventional 
electro-optical devices is that the electrolyte or conductive 
layer tends to be unstable and react with the electrodes. Any of 



such conventional electro-optical devices may be made choice of 
conventional materials for the electrodes and electrochromic 
layers by one skilled in the art and using the novel electrolyte 
claimed by Applicants for the conventional electrolyte layer. 
The enhanced stability of Applicants 1 novel electrolyte arising 
from the inclusion of nitrogen provides for electro-optical 
devices having enhanced performance over conventional devices. — 
~ : REMARKS 

The Examiner rejects Claims 27-29 under 35 USC 112 for failure 
to provide an enabling description of the claimed invention. The 
Examiner, however, also states that Claims 27-29 are allowable over 
the prior art of record and that Claims 27-29 would be allowable if 
rewritten or amended to overcome the 3 5 USC 112 rejection. 

In a telephone conversation with the Examiner on 2 8 February 
1995, the Examiner concurred that inclusion of the above paragraph 
in the specification clarified that Applicants 1 novel electrolyte 
had utility and novelty both as to electrochemical cells and to 
electro-optical devices where, in the latter case, all known 
conventional materials could be chosen by one skilled in the art 
for the electrode and electrochromic layers and the novel 
electrolyte of Applicants 1 claimed invention could be substituted 
for the conventional electrolyte layer. Therefore, no amendment of 
Claims 27-29 was deemed. necessary and the aforementioned paragraph 
would be effective to overcome the 3 5 USC 112 rejection. 



The Claims as originally filed are thus deemed distinguishable 



over the cited prior art and the application is considered in 
condition for allowance. Consideration of the present application 
in view of the foregoing comments is requested, and a favorable 
action is earnestly solicited. 
Respectfully submitted, 



ispectfully submitt* 



■ ' / . y 

George L . Craig , Esq . 
Patent Counsel 
Reg. No. 29 f 293 

Martin Marietta Energy Systems, Inc. 
P.O. Box 2009 

Oak Ridge, Tennessee 37831-8243 
Telephone No. (615) 576-9676 
Facsimile No. (615) 574-0381 



certificate of Mailing 

I hereby certify that this correspondence is being deposited with 
the U.S. Postal Service as First-Class Mail in an envelope 
addressed to Commissioner of Patents and Tr^demarfcs, Washington, 
D.C. 20231, on 2B February. 1993 — by — Kpy< S , — L^lI • 
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ABSTRACT OF THP DISCLOSTTRK 
Described is a thin-film battery, especially a thin- 
film microbattery, and a method for making same having 
application as a backup or primary integrated power source 
5 for electronic devices. The battery includes a novel 
electrolyte which is electrochemically stable and does not 
react with the lithium anode and a novel vanadium oxide 
cathode Configured as a microbattery, the battery can be 
fabricated directly onto a semiconductor chip,' onto the 
10 semiconductor die or onto any portion of the chip carrier. 
The battery can be fabricated to any specified size or 
shape to meet the requirements of a particular application. 
The battery is ' fabricated of solid state materials and is 
capable of operation between -15 °C and 150 °C. 
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'THIN FILM BATTERY AND METHOD FOR MAKING SAME 



This invention was made with Government support under 
Contract No. DE-AC05-84OR21400 awarded by the U.S. 
Department of Energy to Martin Marietta Energy Systems, 
Inc. The Government has certain rights in this invention! 

BACKGROUND OF INVENTION 
Field of Invention 

The invention is directed to a thin-film battery and 
a method for making same. More particularly, the invention 
is directed to a new thin-film lithium battery having a 
novel electrolyte permitting a battery to be fabricated 
having greatly enhanced energy density and specific energy 
over conventionally available batteries. The invention is 
also directed to a novel cathode permitting a battery to be 
fabricated having significantly enhanced energy densities 
over conventionally available batteries. 

Description or Prior Art 

A battery is one of two kinds of electrochemical 
devices that convert the energy released in a chemical 
reaction direot.ly into electrical energy. in a battery, 
the reactants are stored close together within the battery 
itself, whereas in. a fuel cell the reactants are stored 
externally. The attractiveness of batteries as an 
efficient source of power is that the conversion of 
chemical energy to electrical energy is potentially 100% 
efficient although the loss due to internal resistance is 
a major limiting factor. This potential efficiency is 
considerably greater than the conversion of thermal energy 
to mechanical energy as used in internal combustion 
engines, which always results in heat transfer losses. 
Moreover, the additional disadvantages of contaminants 
emitted into the atmosphere as byproducts of incomplete 
combustion and dwindling availability of fuel supplies have 
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intensified research into batteries as an alternative 
source of energy. 

One limitation of conventional batteries is that 
they use toxic materials such as lead, cadmium, mercury and 
various acid electrolytes that are facing strict regulation 
or outright banning as manufacturing materials. Another 
limitation is that the amount of energy stored and/or 
delivered by the battery is generally directly related to 
its size and weight. At one end of the development 
spectrum, automobile batteries produce large amounts of 
current but have such low energy densities and specific 
energies due to their size and weight and such relatively 
lengthy recharge times that their usage as a source of 
propulsion is impractical. At the other end of the 
15 development spectrum, small, light, lithium batteries used 
to power small electronic appliances and semiconductor 
devices have much higher energy densities and specific 
energies but have not had the capability to be scaled up to 
provide the high energy for high power applications such as 
20 use in automobiles. Further, these small, light, lithium 
batteries have low charge-discharge cycle capability, 
limited rechargeability and, even where scaled down for 
microelectronics applications, size that frequently is many 
times larger than the semiconductor chip on which they are 
25 used. 

Thin-film battery technology is foreseen as having 
several advantages over conventional battery technology in 
that battery cell components can be prepared as thin, e.g. 
1 micron, sheets built up in layers using techniques common 

30 to the electronics industry according to the desired 
application. The area of the sheets can be varied from 
sizes achievable with present lithographic techniques to. a 
few square meters .providing a wide range, in battery 
capacity. Deposition of thin films places the anode close 

35 to the cathode resulting in high current density, high cell 
efficiency and a great reduction in the amount of reactants 
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used. This is because the transport of ions is easier and 
faster in thin film layers since the distance the ions must 
move is lessened. 

Most critical to battery performance is the choice of 
5 electrolyte, it is known that the principle limitation on 
rechargeability of prior batteries is failure of the 
electrolyte. Battery failure after a number of charge- 
discharge cycles and the loss of charge on standing is 
caused by reaction between the anode and the electrolyte, 
10 e.g. attack of the lithium anode on the lithium electrolyte 
in lithium batteries. An extra process step of coating the 
anode with a protective material adds to the complexity,, 
size and cost of the battery. 

The power and energy density of a battery is also 
dependent upon the nature of the cathode. To achieve 
optimum performance, the open circuit voltage and current 
density on discharge should be as high as possible, the 
recharge rate should be high and the battery should be able 
to withstand many charge-discharge cycles with no 
degradation of performance. The vanadium oxide cathode of 
the present invention has a much higher capacity per mole 
than the crystalline TiS 2 of prior art cathodes. 

The present invention avoids the limitations of 
present battery design and provides a novel battery having 
25 application as a battery used with manufacture of 
semiconductor components and as a high energy, high current 
macrobattery with appropriate scale-up of the described 
processes. The present invention includes a novel 

electrolyte having a good conductivity but more importantly 
it has electrochemical stability at high cell potentials 
and. requires no protective layer between it and the anode 
during battery fabrication or use. The present invention 
also includes a novel cathode having a microstructure 
providing excellent charge/discharge properties. 



20 



30 



Atty Docket No. 957-X a 

4 PATENT 



10 



SUMMARY O F THE INVENTION 
A primary object of invention is to provide a new 
thin-film battery and a method for making same. 

A second object of invention is to provide a new 
electrolyte for a thin-film battery in which the 
electrolyte has good ionic conductivity and is not reactive 
with the battery anode. 

Another object of invention is to provide a method for 
making an improved electrolyte for a thin-film battery. 

A yet further object of invention is to provide a new 
cathode having improved microstructure for a thin-film 
battery and a method for making same. 

These and other objects are achieved by depositing a 
pair of current collecting films on a substrate; depositing 
an amorphous cathode layer on the larger of the two 
collecting fii ms; depositing an amorphous lithium 
Phosphorus oxynitride electrolyte layer. over the cathode; 
and depositing a metallic anode layer over the electrolyte. 

BRIEF DE SCRIPTION OF THK np awTMg 
Figure 1 is a schematic diagram of a thin-film battery 
deposited onto a semiconductor chip package with current 
leads extending to a semiconductor chip. 

Figures 2A-2D illustrates the layers in plan view to 
form a thin-film battery according to the present 
2 5 invention. 

Figure 3 schematically illustrates a cross-sectional 
view of a thin-film battery made according to the present 

i y~\ \ r ^ 4«- -I a M 
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Figure 4A is a micrograph of a vanadium oxide cathode 
formed by a sputtering process where the target is aged due 
to prior sputtering and the process gas flow rate is less 
than about 15 seem. 

Figure 4B is a micrograph of a vanadium oxide cathode 
formed by a sputtering process where the target is fresh 
and the process gas flow rate is greater than about 15 seem. 
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Figure 5 illustrates the charge-discharge performance 
for a microbattery made according to the present invention. 

DESCRIPTION OF TUF DD EFRRPPn W p n nTy. m . 
There are many possible uses for a thin-film, 
5 rechargeable battery as a primary or standby power source 
for low current electronic devices. A thin-film cell could 
be fabricated directly onto the semiconductor chip the 
chip package or the chip carrier and could be fabricated to 
any specified size or shape to meet the requirements of a 
10 particular application. Referring to Figure l, a possible 
application is shown in which a thin-film cell io is 
deposited onto a semiconductor chip package 12 with current 
leads 14 extending to the chip ie. A Li-VO x cell about 8 
microns thick occupying an area of 1 square centimeter as 
shown has a capacity of 130 microAmp-hours and could supply 
a current of up to 100 microAmps at a voltage ranging from 
3.7 volts at full charge to about 1.5 volts near the end of 
its discharge, if a larger battery were deposited over the 
unused area of the package, the capacity and current 
density of the battery could of course be increased. 

With reference to Figures 2A-D, the steps in 
fabricating such a single cell are shown. Two current 
collectors, vanadium for example, are deposited as a larger 
and a smaller 0.5 micron thick film, is and 20 
respectively, on a substrate 22 such as glass, alumina, 
sapphire or various semiconductor or polymer materials. 
The films may be deposited by rf or dc magnetron sputtering 
or diode sputtering of vanadium in Argon, vacuum 
evaporation or other such film deposition techniques common 
to the semiconductor electronics industry. Similarly, an 
amorphous vanadium-oxide, vo x , cathode 24 is deposited as 
a 1 micron thick film over the larger current collector 18 
by sputtering vanadium in Argon + 14%0 2 . An amorphous 
oxynitride lithium electrolyte film 2 6 is then deposited 
over the cathode 24 by sputtering of Li,P0 4 , lithium 
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orthophosphate, in 20 milliTorr of N 2 and a total gas flow 
of 14 seem. As before, various film deposition techniques 
may be- used for fabrication of the vitreous electrolyte 
film 26 although reactive DC sputtering is not available 
when lithium orthophosphate is the target as it is an 
insulator material and would accumulate charge until the 
deposition process stopped. Example targets for the 
described microbattery measured 25 millimeters in diameter 
by 3 millimeters thick and were prepared by cold pressing 
lithium orthophosphate powder followed by sintering of the 
pressed disc in air at 900°C. Deposition of a l micron 
thick film was carried out over a period of 16-21 hours at 
an average rate of 8-10 Angstroms per minute. The film 26 
has the composition Li x PO y N z where x has the approximate 
value of 2.8; 2y + 3z has the approximate value of 7.8; and 
2 has the approximate value of 0.16 to 0.46. Deposition of 
a film 28 of lithium over the vitreous electrolyte film 26, 
the intervening substrate 22 and the smaller current 
collector 20 completes the cell. A typical film thickness 
for the lithium film 28 is about 5 microns. Figure 3 is a 
schematic cross-section view of Figure 2D. 

Example performance characteristics of such a battery 
as described above are an open circuit voltage of 3,6 to 
3.8 volts and, for a l micron thick cathode, a capacity of 
about 130 microAmp-hours per square centimeter for a 
discharge to 1.5 volts. The battery is capable of producing 
a discharge current of up to 2 milliAmps per square 
centimeter and can be recharged at a current of at least 2 0 
microAmps per square centimeter. The battery has been 
subjected to more than 100 charge/discharge cycles with no 
degradation in performance and, after the first few cycles, 
the efficiency of the charge/discharge process was 
approximately 100%. Further, the vitreous oxynitride 
lithium electrolyte 2 6 has demonstrated long-term stability 
in contact with the lithium anode 28 such that the battery 
does not require the extra protective film, typically 

"7 
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lithium iodide, to prevent reaction of the lithium anode 
with the electrolyte. 

Performance of thin-film batteries has been critically 
limited by the properties of the chosen electrolyte. For 
rechargeable lithium batteries, the electrolyte should have 
a high lithium ion conductivity and it must be chemically 
stable in contact with lithium. Films deposited ' by 
sputtering or evaporation of inorganic compounds onto 
substrates held at ambient temperatures are usually 
amorphous. This is advantageous because, for many lithium 
compounds, the lithium ion conductivity of the amorphous 
phase is orders of magnitude higher than that of the 
crystalline phase and the conductance of the amorphous film 
is often adequate for use an as electrolyte. • As many of 
15 these amorphous materials have acceptable low electronic 
conductivities, there is a wide choice of materials 
available for possible application in thin-film cells which 
meet the first two requirements. However, instability in 
contact with lithium eliminates many materials from 
20 consideration and has limited development of a thin-film 
lithium cell. The amorphous lithium phosphorus oxynitride 
film 26 of the present invention is made by sputtering 
Li 3 P0 4 in pure N 2 and has both the desired electrical 
properties and the stability in contact with lithium for 
25 fabrication of electrochemical cells. 

A comparison of the conductivities at 25°C for several 
electrolyte compositions in the lithium phosphosilicate 
system achieved by sputtering lithium silicates and lithium 
phosphates in Ar and Ar + o 2 is shown in Table 1. The 
30 lithium phosphosilicate listed had the highest conductivity 
of the films in the Li 2 0:Si0 2 :P 2 o 5 system. Several of the 
more highly conductive lithium phosphosilicate films with 
different compositions were investigated as the electrolyte 
for lithium cells. In each case, the lithium anode 28 
35 reacted with the electrolyte film 26. However, the 
electrolyte of the present invention was found to be stable 
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in contact with the lithium anode although it contained, 
only about 2 to 6 at. % nitrogen. Moreover, as shown in 
Table 1, the conductivity is more than 3 0 times greater 
than that of the film deposited by sputtering Li 3 P0 4 in 40% 
5 0 2 in Argon. Incorporation of nitrogen into the thin films 
of the present invention increases conductivity at least 
five times greater than similarly prepared films containing 
no nitrogen. ' The increase in conductivity is due to an 
increase in lithium ion mobility rather than an increase in 
10 the number of charge carriers brought about by a change in 
the structure of the electrolyte. Further, such cells 
appear to be stable indefinitely, exhibiting only a small 
voltage loss which is considered to occur due to the 
electronic conductivity of the electrolyte. 



20 



Table 1. Comparison of amorphous lithium phosphate, phosphosilicate, and phosphorus 
oxynitnde electrolyte films. H 

Tarfiet Process Gas Film Composilion ff (25°C) x 10 s E 2 
(Stem) (eV) 

LijPOj 4 & % O, in At U 7 PO„ 7 Q68 

Li 3 PO, + Li 4 SiO, ■ Li 4 ,Si a23 P0 5 , 20 057 



U 3 PO, Ni 



Li 3jP°3.BN a22 . 240 056 



The enhanced conductivity, superior mechanical 
properties of nitrided glass(e.g. hardness, resistance to 
fracture) and chemical stability of the oxynitride lithium 
electrolyte of the present invention could also be used to 
fabricate enhanced electro-optic devices using 
electrochromic layers, i.e. so called smart windows, 
because of the increased resistance to attack from water 
vapor . 
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The performance of the lithium microbattery of the 
present invention is also very dependent on formation of 
the cathode. Consideration of the microstructure of the 
cathode is equally as important as consideration of the 
composition. Typical of prior thin-film batteries is the 
use cathodes having a characteristic crystalline 
microstructure. The microstructure is dependent on 
substrate temperature, extent of the erosion of the target 
material due to prior sputtering and the pressure and 
composition of the process gas during deposition. At 
substrate temperatures of 400°C, vanadium oxide cathodes, 
for example, consist of crystalline platelets standing on 
edge while films deposited onto substrates at about 50°C 
consist of clusters of crystalline fibrous bundles. with 
15 reference to Figure 4, two distinct types of microstructure 
are shown for vanadium oxide films deposited by reactive 
sputtering of vanadium. When deposited from an eroded 
target, the cathode films 28 were characterized by a high 
density of micron-sized fibrous clusters in Figure 4A of 
20 crystalline V A . when a fresh target surface is used and 
the flow rate is increased to about 20 seem, the 
microstructure of the cathode 28 has the smooth 
microstructure shown in Figure 4B. The advantage achieved 
with the amorphous structure over the crystalline structure 
25 is that at least three times more lithium ions can be 
inserted into cathode 28 having such amorphous structure, 
thus resulting in a lithium cell of much higher capacity. 
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As the sputtering target, e.g. vanadium, ages, the 
microstructure of the films deposited with higher flow 
rates gradually evolves to that of the films having fibrous 
clusters characteristic of deposition at the lower flow 
rates. This change in the films is evident by a decrease in 
sputtered target voltage (at constant power) and as much as 
a 30% decrease in deposition rate. 

Lithium cells fabricated with crystalline or amorphous 
vanadium oxide cathodes had open circuit voltages of 3.6 to 
3.7 volts. However, compared with amorphous cathodes, the 
rates of discharge and charge that the cells with the 
crystalline cathodes could sustain without excessive 
polarization are significantly lower, usually less than 3 
microAmps per square centimeter. This probably results 
from poor transport across the interface between the 
electrolyte 26 and the cathode 28 since the electrolyte 26 
does not conformably coat the. fibrous clusters of the 
crystalline cathode 28 but rather covers just the top 
portion, resulting in a relatively small contact area. 

Lithium cells made according to the present invention 
having the lithium phosphorus oxynitride electrolyte 2 6 and 
the smooth amorphous cathode 2 8 may be discharged at rates 
of up to 3 milliAmps per square centimeter. With reference 
to Figure 5, a set of charge-discharge curves for one cycle 
of such a cell is shown. The total charge passed through 
this cell between 3.64 volts and 1.5 volts is about 575 
milliCoulombs. The capacity of the cell over this voltage 
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range is 130 microAmp-hqurs per square centimeter with an 
energy density of 1.2 x 10 6 Joules per kilogram based on 
combined masses of the cathode, electrolyte and anode. 

The greatly enhanced energy density achievable with 
5 thin-film batteries made according to the present invention 
may, with suitable scaling of process parameters, permit 
fabrication of high energy thin-film macrobatteries . For 
example, according to the present teachings, a 25-kWh thin- 
film lithium battery could be constructed by connecting in 

10 series approximately 46 large-area thin-film cells. Such 
a battery would have an average voltage of 165 volts, a 
weight of 67 kilograms, a volume of 36 liters, a specific 
energy of 370 Watt-hours per kilogram and an energy density 
of 690 Watt-hours per liter. 

15 While there has been shown and described what is at 

present considered the preferred embodiment of the 
invention, it will be obvious to those skilled in the art 
: that various changes and modifications may be made therein 
without departing from the scope of the invention as 

20 defined by the appended claims. 
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What is claimed is: 

1. A thin-film electrochemical cell comprising: 

a) a substrate; 

b) a first and a second electrically conductive film 
deposited on the surface of said subs/trate, said first and 

5 second films separated horizontal/y and said first film 
larger than said second film;. 

c) a third film of electrically conductive material 
deposited over said first film;/ 

d) a fourth film of an /electrolyte having nitrogen 
10 contained therein deposited c/n and overlapping said third 

film to extend upon said f irjst film and to partially extend 
upon said substrate sejo^fatTna said first and second films; 
and / 

e) a fifth kil).a\bfl electrically conductive material 
15 deposited over th/e ren^nde^c^said substrate separating 

said first and se^ojid films and over substantially all of 
said. second and said fourth films. 



2. The cell of Cl^/im 1 wherein the substrate' material is 
selected from the/ group, consisting of glass, alumina, 
semiconductor material and polymer material. 

3. The cell off Claim 1 wherein the substrate is selected 
from the group consisting of a semiconductor chip, a 
semiconductor fcackage and a semiconductor chip carrier. 
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c) operating the sputtering apparatus such that the 
flow rate of the process gas is at Aeast 15 seem under an 
operating pressure of about 20 mi/liTorr;' and 

d) depositing said cattodfe as an amorphous metal- 
oxide film at a rate of about ^nanometers per minute. 

24. The method of plaim 2fa /wh&repn^ said amorphous metal 
oxide film is vanadium oyLdi. 

25. The method of Claim 23 wherein said sputtering 
apparatus is selected from the group consisting, of a 
reactive dc magnetron stutterer, an rf magnetron sputterer 
and a diode sputterer. 

26. The method of CJLaim 23 wherein said gas mixture is 14% 
0 2 in Argon. 



An electro-optical device comprising: 

a.) an optically transparent anode of a first 
electrically conductive material; 

b) an optically transparent electrochromic material 
overlaying said anode; 

c) an optically transparent electrolyte containing 
nitrogen therein overlaying said electrochromic material; 
and 

d) an optically transparent cathode overlaying said 
electrolyte . 
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